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6.1.1
1. Introduction
This paper explains the requirement and necessity of  barring IMS based voice call during disaster case, analyses possible solutions, proposes the most feasible solution and a way forward to specify a solution in the earliest available release of 3GPP standard.
2. Discussion
2.1.

The road so far…
One year ago, in RAN2#79, DOCOMO presented a discussion paper [1] explaining the necessity to bar MMTEL (voice and video) call during RRC_CONNECTED state (from here on refer as CONNECTED) and proposes for RAN2 to solve the problem. RAN2 were of the opinion that there is no service requirement for such kind of barring mechanism and therefore SA1 should discuss whether there is a requirement and SA2 should discuss NW based solution before RAN2 discuss any RAN based solution. The corresponding LS [2] was sent to SA1 and SA2.
Triggered by abovementioned LS and PMOC requirement (22.001), SA2 specifically discussed the scenario, necessity and possible CN solution of MMTEL call barring in CONNECTED and send their LS reply [3]. SA2 indicated that they haven’t identified any CN based solution and ask RAN2 to investigate and evaluate possible solutions.
2.2.
Requirement and necessity of voice barring in RRC_CONNECTED
In disaster case, such as earthquake, tsunami, etc., people tend to try to call their loved ones and friends to confirm their safety. After traffic starts to build up and voice call is getting hard to go through, they switch to other multimedia service such as email, social network services, etc. From figure A-1 in Annex 1; we can see that the traffic increase compared to normal condition of voice traffic (around 15 times) is much higher than that of packet traffic (around 3 times). Figure A is the data taken from one of DOCOMO RNC in Tokyo during 3.11 Great East Japan Earthquake. DOCOMO assumption is that IMS layer foresees 60 times signalling traffic increase compared to normal operation condition.
In Release 9, SSAC was standardized as a UE based mechanism to bar MMTEL services (voice and video based on IMS). SSAC was designed to apply only to UE in IDLE state. This restriction is very unfortunate because it turns out that the number of UEs in CONNECTED in today’s LTE network is quite large. This is due to rapid increase of smartphones and the usage of various applications, such that the UE tends to stay longer in CONNECTED. In addition, operator also may choose to keep UE in CONNECTED to minimize idle-to-active signalling towards the CN. 
As a result, SSAC is not as effective as it was originally expected, because the number of UEs that can be barred using SSAC is lesser than predicted and specially in disaster case, the number of originating call from CONNECTED UE cannot be controlled. In fact, in the present specification there is no UE based barring mechanism available that would allow the network to prevent the CONNECTED UE from originating a call.
Observation 1: 
The number of UE that can be barred by SSAC is lesser than expected, and there is no UE based barring mechanism available to control originating call from UE in CONNECTED.
Furthermore, in Release 9, SSAC discussion was under the assumption that the eNB is the bottleneck when IMS voice calls are generated during disaster cases [4]. However, today when LTE network deployment is rapidly expanding and development to provide VoLTE service is almost in its final lap, DOCOMO learn that SSAC is not only effective to prevent radio resource shortage, but also to prevent IMS node processing resource shortage. As discussed in SA1 and SA2 [5], IMS node can be the bottleneck as shown in Figure 1. In this case, SIP INVITE floods P-CSCF, P-CSCF may start discarding SIP INVITE and in worst case the P-CSCF node may be collapsed due to this signalling flood. 
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Figure1: Signaling flood towards IMS node

This condition may be caused by accumulation of SIP signalling traffic build-up coming from significant number of eNBs, since typically IMS node are more hierarchically concentrated compared to RAN node. If a condition such that SIP INVITE or even P-CSCF node collapse happens, IMS services will not be available and important communication such as IMS emergency call and high priority call will be dropped. This may lead a different kind of situations ranging from annoyed user due to bad service experience to life threatening condition where an emergency user can not call for help. The ability to steadily provide service of important communication is a direct indicator of the operator’s reliability and therefore operators will try very hard to avoid abovementioned situations by provisioning strong network. However, provisioning a network with extremely high tolerance of signalling flood is not always possible. Availability of mechanism that allows the network to prevent call generation is very important as an integral part of providing reliable service.
Observation 2: 
In disaster case, the bottleneck may be IMS node (i.e., P-CSCF)

Observation 3:  
In disaster case, reliable voice service cannot be ensured only by sensible network dimensioning/provisioning. A mechanism that allows the network to prevent call generation should be available.
In addition to that, in today’s specification, even when the network activates SSAC, a user can still “trick” the network and access VoLTE service by establishing any kind of packet data service so that it goes to CONNECTED. Once the UE is in CONNECTED, the user can easily access VoLTE service. This problem needs also to be addressed.
Observation 4:
There seems to be a way for user to trick the network so that an IDLE UE will be able to access VoLTE service even when SSAC is activated.
Therefore, as a minimum requirement, we strongly and urgently require the ability to bar MMTEL voice call originated from CONNECTED UE in disaster case. Furthermore it is preferable if the mechanism would “only” bar origination of voice call (i.e., “not” packet data call or on-going call). There is no special requirement for packet data service, since the assumption is that packet data traffic congestion in eNB may be handled by existing mechanism (e.g., scheduler/buffer management). Note that since this function is available in UTRAN, i.e., DSAC is applicable in CELL_PCH and CELL_DCH, lacking of this function in LTE can be seen as degradation compared to UTRAN. 
Operator Requirement:  
Ability to bar MMTEL voice call originated from CONNECTED UE in disaster case. 
The mechanism would “only” bar origination of voice call (i.e., “not” packet data call, nor on-going call). 
The mechanism is necessary for initial VoLTE deployment.
2.3.
Solutions alternatives and analysis

Focusing on the requirement to bar an origination of a voice call (MMTEL services), the following solution alternatives are considered. 
1. Alt.1: Extending SSAC in CONNECTED (UE based)
· SSAC parameter for IDLE and CONN is the same. (No change in SIB2)
· The same behaviour as in the present SSAC is adopted.

· UE receiving  SSAC parameter from SIB2

· UE indicates SSAC parameter to upper layer whenever upper layer asks.

· UE MMTEL layer applies the received SSAC parameter.
2. Alt.2: Extending ACB in CONNECTED (UE based)
· ACB parameter for IDLE and CONNECTED is the same. (No change in SIB2)

· UE RRC layer receives ACB parameter in CONN, and RRC conveys the parameter to MAC layer

· UE performs ACB barring evaluation at MAC layer.

· Since U-plane bearer already established, the barring evaluation cannot be done in RRC layer.

· The UE cancelled the Scheduling Request when ACB is active.

· This barring is performed by UE going from DRX to Non-DRX.

· During non-DRX, the barring is not executed to prevent call drop of possibile on-going communication.

· MAC layer indicates to upper layer whenever barring is executed and alleviated.
3. Alt.3: RACH procedure suspension (UE based)
· UE performs barring at MAC layer
· Barring info is received in Msg.2 or Msg.4 during RACH procedure for data resuming 
· UE cancels the Scheduling Request or ignore the received UL Grant.
· This barring is performed by UE going from DRX to Non-DRX.

· During non-DRX, the barring is not executed to prevent call drop of possible on-going communication

· UE MAC layer indicate to upper layer about the barring execution.
· Possibly with information of barring period (similar with wait time)
4. Alt.4: RRC Connection Release for Individual or Group UE (eNB based)
· Option 0: Legacy RRC Connection Release (per UE)

· Option 1: UTRAN-like group release
· Group release identifier needs to be defined (i.e., similar to U-RNTI mask in UTRAN)
Can be of choice “ALL” or “group”
· RRCConnectionRelease can be sent in PAGING
· UE releases its RRC connection if it is part of the assigned group. 
5. Alt.5: Bit rate control based on QCI (eNB based)
eNB applies bit rate control to QCI5 (e.g., bit rate=0) to suppress the SIP signaling.
6. Alt.6: Bit rate control based on QCI (UE based)

UE applies bit rate control to QCI5 (e.g., bit rate =0) to suppress the SIP signaling.

Table 1 in annex summarizes the comparison of the alternatives.
Focusing on the requirement to bar “only” voice and “not” other packet data, the table indicates that alternatives 2, 3 that perform the barring in AS layer, would bar both voice and data packet, and alternative 1, 5, 6 can be used to supress only voice call (and not data packet).

Furthermore, focusing on the requirement to bar “origination” of voice call, the table indicates that alternative 1 is the only solution that can satisfy this requirement and the application can be independent to the UE DRX/Non-DRX state. For alternative 2, 3, to make sure that the barring applies to an origination of “a” call and not abruptly interrupt on-going communication, the solution (s) should only be applied in DRX. However even though by doing so, as explained above there is still no guarantee that the barred call is certainly a voice call. Therefore, alternative 2 and 3 cannot satisfy the requirement to bar only “origination” of voice call. 
Another significant disadvantage of alternative 2 and 3 is on emergency call, high priority call handling. Since the barring is performed at MAC layer, MAC layer cannot pass these calls without defining new identification. This kind of new mechanism has big impact in the UE. Hence, alternative 2, 3 cannot be considered as feasible alternatives.
Although alternative 5 and 6 can be applied to suppress/bar voice call, these alternatives cannot make sure that the barring/suppression is applied “only” to “origination” of a voice call. This is because these alternatives also suppress/bar all SIP Signalling (not only SIP Invite but also other SIP signalling, e.g., SIP Registration). This may cause troubled cases such that the UE might not be able to register to IMS system and cannot be paged for VoLTE or cannot use other IMS based services. Hence, alt. 5, 6 cannot be considered as feasible alternatives.
Considering UE impact, the table shows that alternative1 has limited UE impact since it only applies SSAC function and behaviour as defined today. Although alternative 4 with individual UE release has also zero impact to UE, this solution cannot solve the SSAC “trick” problem as explained above. Sending the UE to IDLE while SSAC is activated still does not guarantee the user will not be able to originate voice call. Hence, this alternative cannot satisfy the requirement. Furthermore, this solution brings impact to eNB and MME processing due to additional signalling between eNB and MME to release UE context. In disaster case where typically all nodes in the network are experiencing medium to high congestion, this kind of additional processing load should be avoided. Hence, cannot be considered as feasible alternative.
In conclusion, we can see that alternative 1 (SSAC in CONNECTED solution) is the solution that not only satisfies the requirement, but also has the most limited impact both to the UE and the NW

2.4.
Way Forward and Proposal 
DOCOMO is very much aware that there are other congestion mitigation enhancement works in SA1/2 and a proposal of RAN study item discussed in the last plenary. DOCOMO is very supportive of these works, but our understanding is that these works focuses on voice (service/application) prioritization in IDLE and CONNECTED, whereas the problem explained in this document is voice barring (down-prioritization) in CONNECTED. See figure A-3 in Annex 3 on how we understood the relation between voice barring requirement and other works.
As discussed above, voice barring in CONNECTED problem can be easily solved by slightly correcting the SSAC functionality itself, i.e., by enhancing SSAC to be applicable also in CONNECTED. Therefore, DOCOMO proposes for RAN2 to agree to adopt SSAC in CONNECTED as solution and to allow for this function to be early-implementable. Furthermore, since SSAC is a Rel-9 function and the described problem becomes an urgent on-going development problem (discussed from a year ago), a way forward to specify SSAC in CONNECTED as small technical enhancement, without the need to wait of any big study item. This separation would also allow clear problem definition of on-going/future works on congestion mitigation. 

CR against 36.331 with the necessary changes to adopt SSAC in CONNECTED is submitted in [6].

Proposal 1:
It is proposed for RAN2 to agree to adopt SSAC in CONNECTED as a solution for barring voice origination in CONNECTED problem, and to allow this function to be early-implementable.
Proposal 2: 
It is proposed that RAN2 would allow specifying SSAC in CONNECTED as part of TEI11.
3. Summary
This document explained the necessity, motivation and requirement for a mechanism to bar origination of voice during disaster case. This mechanism is urgently necessary to be available in intial deployment of VoLTE service. This document also discussed several solutions and concluded that SSAC in CONNECTED solution is the one that would satisfy the requirement and at the same time have limited impact to UE and NW.

Finally the following is proposed:

Proposal 1:
It is proposed for RAN2 to agree to adopt SSAC in CONNECTED as a solution for barring voice origination in CONNECTED problem, and to allow this function to be early-implementable.

Proposal 2: 
It is proposed that RAN2 would allow specifying SSAC in CONNECTED as part of TEI11.
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ANNEX 1
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Figure A-1: Increase traffic in one of DOCOMO RNC in Tokyo during 3/11 earthquake

ANNEX 2

Table 1: Comparison item for each solution alternatives
	No.
	Comparison Item
	Alt.１：SSAC in CONN (UE)
	Alt.2 : ACB in CONN (UE)
	Alt.3: RACH procedure suspension (UE)
	Alt.4: Individual/Group UE Release (eNB)
	Alt.5: Bit rate control for QCI=5 (eNB)
	Alt.6: Bit rate control on QCI 5 (UE based

	1
	Description
	SSAC param applied in CONN
	ACB param applied in CONN
	Msg.2 or 4 conveying barring information
	Releasing CONN UE and send them to IDLE.
	Bit rate =0 for QCI5
	Bit rate =0 for QCI5

	2
	Layer performing the barring
	MMTEL layer
	UE AS (MAC) layer
	UE AS (MAC) layer
	eNB RRC
	eNB MAC layer
	UE NAS layer or MAC layer

	　

	3
	Requirements Analysis
	Call type subject to suppress
	MMTEL service call only
	All MO data, MO signaling (including MMTEL)
	All MO data, MO signaling (including MMTEL)
	All MO data, MO signaling (including MMTEL)
	SIP signaling data.

(including SIP invite and other IMS signaling)
	SIP signaling data 

(including SIP Invite and other IMS signaling)

	4
	
	Applicability to stop origination of voice only
	Applicable
	Not applicable
	Not applicable
	Not applicable
	Not Applicable
	Not applicable

	
	
	
	(other packet (including SIP signaling other thatn SIP Invite) will not be barred)
	(Packet (e.g., emergency board) will also be barred)
	(Packet (e.g., emergency board) will also be barred)
	(Release applies to all packet data)
	(Emergency board packet will not be barred, but other IMS signaling will be barred)
	(Emergency board packet will not be barred, but other IMS signaling will be barred)

	5
	
	Applicable UE state
	DRX and Non DRX
	Only DRX
	Only DRX
	Only DRX
	Only DRX
	DRX and Non DRX

	
	
	
	
	(Applying to Non DRX causes interruption in the middle of communication)
	(RACH only comes from UE in DRX)
	(Applying to Non DRX causes interruption in the middle of communication)
	(Applying to Non DRX causes interruption in the middle of communication)
	

	6
	
	Emergency UE
	Not subject to barring
	Subject to barring
	Subject to barring
	Not subject to release
	Not subject to bit rate control
	Not subject to bit rate control

	
	
	
	
	
	
	
	
	 (depend on how to NAS understand AC) 

	
	
	
	
	(unless new identification in MAC is defined)
	(unless new identification in MAC is defined)
	(depend on how to set the group release) 
	
	

	7
	
	High priority UE
	Not subject to bar
	Subject to barring
	Subject to barring
	Not subject to release
	Not subject to bit rate control
	Not subject to bit rate control 
(depend on how to NAS understand AC)

	
	
	
	
	(unless new identification in MAC is defined)
	(unless ne identification in MAC is defined)
	(existing id available)
	(existing id available)
	

	　

	8
	Impact Analysis
	UE impact:
	Small
	Big
	Big
	Big for Group Release
	No impact..
	Big.

	
	
	functional addition
	
	- Significant big impact on MAC layer
	- Significant big impact on MAC layer
	- Significant big impact on RRC layer
	
	

	
	
	　
	
	　
	　
	No impact for individual release
	
	

	9
	
	UE impact: AS/NAS interworking
	No addition
	Necessary
	Necessary
	No impact
	No Impact.
	Necessary


	
	
	
	(Same with IDLE SSAC)
	-  Upper layer needs to indicate call type of data that triggers SR
	-  Upper layer needs to indicate call type of data that triggers SR
	
	
	

	
	
	
	　
	-  AS to indicate upper layer of barring
	-  AS to indicate upper layer of barring
	
	
	


	10
	
	eNB impact
	No impact
	No impact
	Big
	Big
	Big
	Big.

	
	
	
	(same SSAC param for IDLE and CONN)
	(same ACB param for IDLE and CONN)
	Significant impact on MAC layer
	Significant impact on RRC layer
	Significant impact on MAC (scheduler) layer
	Depend on how the barring information for UE is defined.

	11
	
	MME impact
	No impact
	No impact
	No impact
	Some impact (processing to release UE context)
	No impact
	No impact

	12
	
	User service/APP layer impact
	No impact
	Foreseen impact when executed of in the middle of SIP procedure or call. 
	Foreseen impact when executed of in the middle of SIP procedure or call. 
	Foreseen impact when executed of in the middle of SIP procedure or call. 
	Foreseen impact when executed of in the middle of SIP procedure or call. 
	Foreseen impact when executed in the middle of SIP procedure or call.

	
	
	
	(Same with IDLE SSAC)
	
	
	
	
	

	TOTAL POINTS
	9
	2
	1
	3
	5
	4


ANNEX 3

Figure A-3: DCM pre-rel12 focus and its relation with other congestion mitigation works
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The Great East Japan Earthquake struck at 14:46
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